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GAS CHROMATOGRAPHIC ANALYSIS OF FATTY ACIDS OF
HUMAN HAIR LIPIDS*
LEON L. GERSHBEIN, Pn.D. AND L. D. METCALFE, B.S.
The distribution of free fatty acids in hair
lipids has been studied by several classical ap-
proaches such as those involving distillation of
esters and lead salt formation (1—3) and later,
the gas chromatograph Was employed for the
analysis of free fatty acids of forearm sebum
removed by way of acetone (4—6). The latter
criterion has also been applied to the acids of
skin surface lipids from a few normal white
subjects by Haahti (7).
In the present study, lipids extracted from
hair cuttings of adult white and Negro full-
headed and balding males as well as white fe-
males were saponified and the total fatty acids
analyzed by gas chromatography. The motiva-
tion of this investigation was to discern out-
standing differences, if any, in the comparison of
acids from samples pooled according to sex,
hair condition and race. In this connection, the
sebum output in the Negro is almost double
that of white subjects (8—10).
EXPERIMENTAL
Hair cuttings were obtained from prison in-
mates barred from the use of hair dressings or
pomades and in which the interval since sham-
pooing was 4—7 days. Hair was also collected from
white women who were especially cooperative in
guarding against contamination; cutting occurred
5 days after shampooing with unperfumed bar
soap. All containers, filter paper and glassware used
on this project were exhaustively degreased with
redistilled petroleum ether boiling 30—60°.
The earlier procedures advanced for lipid ex-
traction from hair with petroleum ether and
saponification of the mixture with 20% sodium
hydroxide in 95% ethanol were employed through-
out (10, 11). The saponified material was diluted
with water and the unsaponifiable components
removed with ether. The soap solution was acidi-
fied and steam-distilled to remove volatile acids
(under 0.10%). The cooled mixture was extracted
repeatedly with ether, the extract washed with
portions of water and dried over anhydrous so-
This investigation was supported in part by
Public Health Service Grant, CA 06487, from the
National Cancer Institute.
Received for publication June 22, 1965.
* From the Biochemical Research Laboratories
of Northwest Institute for Medical Research, and
Armour and Company, Chicago, Illinois.
dium sulfate. When the filtrate was rid of solvent,
the mixed acids (MA) resulted in yields of 50—60%
based on the hair lipids; the ranges in iodine and
acid numbers were 53—65 and 176—207, respectively
(9). In a typical run, 289 g of hpids pooled from
white full-headed males on saponification with 430
ml 20% alcoholic sodium hydroxide by heating on
the steam bath for 24 hr, gave rise to 172 g (59.5%)
MA.
Methyl Esters of MA.—The esterifleation of
MA was affected by absolute methanol (3—4 ml/g)
in the presence of gaseous hydrogen chloride, the
contents being refluxed for 19 hr. The mixture was
rid of methanol under vacuum, ether added and
the solution washed with portions of 5% sodium
bicarbonate followed by water. Removal of solvent
yielded the esters. Aliquots of several batches
were brominated by the procedure of James and
Martin (12) toward identification of unsaturated
peaks in the chromatographic analysis.
Gas Chromato graphic Analysis of MA Esters.—
Data for the fatty acid esters were obtained by
means of a gas chromatograph equipped with a
thermal conductivity detector. The 6 ft column
contained 25% DEGS on 60/80 mesh acid-washed
Chromosorb W. The injection and column tem-
peratures were 265° and 180°, respectively; the
helium flow was 65 ml/min.
RESULTS AND DISCUSSION
The composition of fatty acids, given in terms
of the total content, from hair lipids according
to the five categories, adult white and Negro
full-headed (WF and CF) and balding men
(WB and CB) and white women (FEM)
together with the mean values nnd stnndard
errors for the majority of components are shown
in Table I. Except for WB and CB, two mix-
tures per category were analyzed. The respective
chromatographic peaks were compared between
the various pools and the elucidation of com-
plete configuration of the individual acids is
presently deferred. The same peaks were ob-
served on the chromatograms of each pool.
Acids of length up to C, occurred in minor
amounts and in fact, the volatile portions ob-
tained on steam distillation of the saponifiable
material were rich in neetic acid, in partial cor-
roboration of published findings (13). For one
mixture (FEM-26), the laurie and myristie acid
contents appeared elevated and the Cir and C-
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TABLE I
Percentage distribution of total fatty acids in human hair lipids
Lipid pooi"
Acid
WF-5 WF-9 WB-23 CB-3 CF-4 CF-b FEM-lO FEM-26 Mean SE.
C, Tb T T T T T T T
C, T T T T T T T T
C7 T T T T T T T T
C, 0.02 0.05 0.05 0.02 0.02 0.02 0.06 0.02 0.03 0.042
C," T 0.02 0.02 0.02 T T 0.02 T
C, 0.02 0.02 0.05 0.02 0.02 0.02 0.06 0.02 0.03 0.001
C9' 0.02 0.02 0.02 0.02 T T 0.02 0.02
C,, 0.02 0.12 0.26 0.12 0.11 0.12 0.30 0.02 0.13 0.034
C,,' 0.02 0.02 0.02 0.12 0.02 0.04 0.02 0.02 0.035 0.010
C,, 0.02 0.02 0.07 0.08 0.04 0.08 0.08 0.02 0.05 0.010
C,,' 0.02 0.02 0.07 0.12 0.08 0.12 0.08 0.05 0.07 0.010
C,, 1.3 1.9 2.3 1.4 1.8 1.2 3.2 4.4 2.19 0.434
brC,, 0.24 0.48 0.63 0.31 0.40 0.34 0.50 0.26 0.40 0.034
C,,' 0.15 0.14 0.23 0.22 0.20 0.23 0.25 0.06 0.19 0.022
Cu 0.20 0.38 0.65 0.40 0.30 0.46 0.38 0.39 0.40 0.044
C,,' 0.30 0.57 0.84 0.60 0.69 0.85 0.67 0.56 0.64 0.061
C,4 8.3 7.1 9.7 7.4 6.6 8.9 7.3 12.0 8.41 0.620
brC,, 0.81 1.2 1.4 0.80 0.84 1.5 1.6 1.1 1.16 0.110
C,4' 3.5 3.6 4.6 3.1 4.0 3.9 4.0 3.0 3.71 0.185
C,5 5.6 4.5 6.2 5.9 5.7 5.4 4.0 7.2 5.55 0.340
brC,, 0.34 0.64 0.42 0.45 0.26 0.40 0.30 0.29 0.39 0.042
C,,' 2.1 2.0 4.6 2.9 2.6 2.6 3.0 2.1 2.72 0.290
C,, 27.6 27.8 21.8 25.1 21.9 25.4 18.8 27.8 24.52 1.412
brC,7 0.66 1.4 1.0 1.1 0.78 1.1 1,8 1.2 1.13 0.126
C,,' 21.2 21.6 19.1 19.6 21.4 0.5 21.2 15.7 20.00 0.760
C,7 0.86 0.86 1.7 1.8 1.1 1.4 0.6 1.3 1.20 0.150
brC,, 0.34 0.63 1.0 0.53 0.45 0.53 0.44 0.34 0.53 0.074
C,,' 2.4 2.3 2.8 3.2 2.5 3.0 3.2 2.1 2.69 0.140
C,8 4.5 3.4 4.2 4.3 4.7 3.5 4.1 4.2 4.11 0.150
C,,' 16.3 15.7 13.8 18.8 19.4 16.0 19.9 12.2 16.51 0.923
C,, 0.64 0.86 1.1 0.20 0.78 0.86 0.60 0.63 0.71 0.090
C,,' 0.73 1.9 0.84 0.45 2.2 1.2 1.5 0.72 1.19 0.220
brC,5 T 0.26 0.35 0.49 0.30 0.26 0.60 T
C,,' 0.49 0.18 0.35 0.33 0.80 T 0.70 0.80
C,, 0.66 0.09 T T T T 0.40 1.3
C,, 0.54 0.36 T T T T T T
C,,' 0.24 T T T T T T T
"The coding W, C, F, B and FEM refers to white, Negro, full-headed, balding and white women,
respectively.
Trace (under 0.01%).
The superscript designates the number of double bonds; br refers to branched.
monounsaturated acids, somewhat lower; for a showing trace amounts, These overlapping and
similar pooi of lipids from women (FEM-lO), minimal differences, notwithstanding, no un-
the laurie acid was higher but the palmitic acid equivocal variations in acid distribution could
level fell below the overall mean as was also the be ascribed to race, sex or scalp condition.
case with WB-23 and CF-4. Small decreases in
C,,-saturated and C,,-diunsaturated acids were SUMMARY
observed with CB-3; the C,,-homolog was preva- Hair lipids pooled according to sex, race and
lent in the two WF pools, the remaining six scalp condition have been saponified and the
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fatty acids up to C analyzed by gas chroma-
tograpby of the esters. The same peaks occurred
in each of the chromatograms and aside from
rather small fluctuations in a few of the acid
levels, no unequivocal differences could be dis-
cerned on the basis of the categories investigated.
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